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Challenge: Long-Range Interactions

• Local-aware message passing Graph Neural Networks (GNNs)
• Struggle to capture Long-Range Interactions (LRIs)
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• Try to capture LRIs over the hierarchy
• Build the hierarchy using (learnable) graph pooling methods

• Path travelling the hierarchy is of length 𝑂 𝑙𝑜𝑔 𝒱 ≪ 𝑂(|𝒱|)

• But, what’s the cost?
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Connect the Graph Hierarchy

Let’s connect the nodes before and after pooling
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Connect the Graph Hierarchy

We call such edges as inter-graph edges (InterEdges),
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Connect the Graph Hierarchy

… edges in graphs of each level as intra-graph edges (IntraEdges)
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The Mega Graph

IntraEdges and InterEdges connects nodes into a mega graph.
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Basic Notations

• Graph 𝒢 = (𝒱, ℰ): A graph contains nodes 𝒱 and edges ℰ

• Graph features 𝑋 = (𝑢, 𝑉, 𝐸)
• 𝑢 : global (graph-level) features
• 𝑉 : features of nodes 𝒱
• 𝐸 : features of edges ℰ

• GNN Blocks (GN): (i.e. GNN layer)
• Input: graph 𝒢 and its features 𝑋, output: new features 𝑋’

• Graph pooling:
• input: graph 𝒢 and its features 𝑋
• output: The pooled graph ሚ𝒢 and its features ෨𝑋

• output: The inter-graph መ𝒢 and its features ෠𝑋



MeGraph Architecture
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MeGraph Architecture
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Mee Layer: Bidirectional Pathway
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Mee Layer: Bidirectional Pathway
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Mee Layer: Bidirectional Pathway
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Experiments: Graph Theory Benchmark

• We establish a Graph Theory Benchmark for LRIs
• 5 tasks related to graph theory (e.g. shortest path distance)
• 14 random graph generation methods (e.g. tree graph)
• Medium size: 300 graph, 𝒱 ∈ [20, 50]

• Large size: 500 graphs, 𝒱 ∈ [100, 200]



Experiments: Long Range Graph Benchmark



Conclusion and Takeaway Message

• We introduced the MeGraph architecture
• Naturally alternates local and hierarchical updates

• Locality and hierarchy are both important for capturing LRIs

• Please visit our project page and read our paper for more details
• https://sites.google.com/view/megraph

https://sites.google.com/view/megraph

